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Background and Objectives

Vinay Rathore, Kaushik Rajashekara, Harish Krishnamoorthy, Jacob Mueller, Luciano Garcia Rodriguez, StanAtcitty

�¾Topologies using various circuit structures such as voltage multiplier, coupled inductor,
interleavedboost havebeenevaluated.

�¾After thorough review of existing topologies, a current fed isolated multilevel
converter topology with voltage multiplier on HV side wasselectedfor the project.

�¾Theselectedtopologyis shownin Figure(1).

�¾The topologyhasadvantagesof highvoltagegain,soft switchingof LV & HV sidedevicesand
multilevelvoltageon HV side.
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�¾The converter designdevelopedin FY20 achieveshigh efficiency,high gain and low filter
requirements.

�¾Detailedconverterdesignguidelinesandcontroller developmentare in progress.
�¾A 1 kW hardwareprototype for the proposedconverterwill bebuilt in FY21.

�¾Simulationresultsfor the converter are shown in Figure(7) �² Figure(12) for full load and
halfloadconditions.

�¾The simulationis performedfor BESSvoltageof 20V andDC-link voltageof 400V for 1kW
ratedoutput power.

�¾Switchingwaveformsfor eachmodeof operationareshownin Figure(2).

�¾Equivalentcircuit diagramsfor key converter operatingmodesare shown Figure(3) �²
Figure(6).

�¾The operating modes consist of input inductor energy storage (Mode-I), ZCS of LV
devices(Mode-II) andpower transfer(ModesV andV1).
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A fundamental challenge for battery storage in grid applications is that power systems invariably favor high-voltage/low-
current operation, while electrochemical cells are naturally low-voltage/high-current devices. Isolated high-gain dc-dc 
converters may be used to overcome this issue, but designing converters with simultaneously high efficiency and high voltage 
gain over a realistic range of operating conditions is a difficult task.

Isolated dc-dc converters based on high-frequency magnetic conversion links and multiple H-bridge switching structures 
(exemplified by the dual active bridge converter) are an attractive starting point for designing high performance power 
conversion systems. This class of converter presents a blank design canvas; new materials, components, circuit modifications,
integration strategies, modulation schemes, and control systems all represent opportunities for performance improvement. 
The goal of this project is to leverage these potential areas of innovation to develop a novel converter design for a challenging 
set of performance specifications. 

This effort is part of a family of projects focused on advancing the state-of-the-art in isolated high gain dc-dc converter design. 
These projects share a common set of performance objectives but differ greatly in individual approach. Each unique solution 
represents a data point from within the space of design possibilities, and provides valuable insights on potential design 
synergies and areas for future exploration.    

Selected Topology

Figure (1) �² Selected topology structure

Conclusion and Future Work

Figure(3) �² Mode 1

Figure (2) �² Modes of operation and 
converter waveforms.

Figure(4) �² Mode II

Figure(5) �² Mode V

Figure(6) �² Mode V1

Circuit Operation

FullLoad
Conditions

HalfLoad
Conditions

Parameter Value

Input Voltage Range 380 V �² 420 V (400 V nominal)

Output Voltage Range 20 V �² 33.6 V (24 V nominal)

Rated Power ±1 kW

Efficiency >95% for both charge and discharge 

Battery Current Ripple <2 A peak-to-peak

Table I �² Converter Performance Specifications

Key Parameter Design Equations

Parameter Design Equation
Value Used in 
Simulation
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